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I. INTRODUCTION

The linearized equations of motion for the Orbital
Assembly during missions AAP 1/2 and AAP 2/3A as derived by
Fearnsides [1] are:
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+ orxglsin(wot—w)]cos(wot-w)} .

Although the unknown function ¢ appears non-linearly in the second
and third equations as part of the argument of both the sine and
cosine functions, this system is still linear in the sense that
the equation for y (the first one) is "uncoupled" from the second
and third. The quantities y, 6, and ¢ are Euler angles, wg is a

frequency of disturbance, the o's and \'s are parameters depending
on the moments of inertia; the reader is referred to the memorandum
[1] for a precise definition of these quantities as well as their
values. Suffice it to say here that the terms on the right-hand-
side of the system (*) which depend linearly on vy, 6, and ¢,
respectively, represent the gravity gradient torque, and the
remaining terms on the right-hand-side (the "forcing term")
represent the aerodynamic torque.
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In [1], Fearnsides was able to find a particular
solution to (*) which is periodic: ¢ having period n/wo and

6 and ¢ having period 2n/w0. Two questions then naturally
arise:

1. Are there other solutions to (*) which are periodic?
and, more importantly,

2. 1Is there a systematic way to obtain these solutions?
That is, if, for example, the model for the aerodynamic
torque is changed, is there an algorithm which would
enable us to obtain easily a new periodic solution?

It is the purpose of this memorandum to answer these
questions. (The answer to the first is no, and to the second
is yes.) The answer to these questions is important (particularly
the second) because the existence of a periodic solution and an
algorithm to obtain it will enable one to derive a control law
which would require a significantly lower number of thruster
firing than the currently planned law. (See [1].)

We prefer to treat the system (*) as a system of six
first order differential equations of the form

(1) . x = A(t)x + z(t) ,

where the n X n coefficient matrix A and the n vector z are
continuous and periodic with period p, for t20. This reduction
of (*) to the form of (1) will be carried out in Section III.

In Section II a theorem is proved giving conditions for the
existence of a unique periodic solution with a certain period,
and, in the process, the desired algorithm for obtaining such a
solution is derived. This algorithm is then applied to the
Orbital Assembly in Section III. Using a specific model for the
aerodynamic torque, we found the periodic solution desired.

II. THE THEORY

Before we state the existence and uniqueness theorem,
some preliminary notions need be developed. We first consider
the homogeneous system corresponding to (1):

(2) X = A(t)x .
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By a fundamental matrix Y(t) we mean a matrix whose columns are
linearly independent solution vectors of (2). Since n linearly
independent solutions span the solution space, any solution of

(2) can be expressed as a linear combination of these independent
solutions. Hence we have

Property l: If Y(t) is another fundamental matrix of (2), there
exists a constant matrix C, such that

Y(t) = ¥Y(t)Cc , det C#0 .

We now define a "normalized" fundamental matrix K(t,t ),
sometimes called the "transition matrix," as follows:

K(t,to) is a fundamental matrix of (2), and
K(to,to) =1 .

One can, therefore, construct K(t,to) by choosing, as column

vectors, solution vectors yJ (t) whose ith component at t = t,
satisfy the initial conditions

yi(to) =835 o+ i,3=0,1,..0n ,

where 6, 13 is the Kronecker delta. Since initial value problems
for equation (2) possess unique solutions, K(t, t ) is unique for
any t0

Since any solution to (2) can be expressed as a linear
combination of the column vectors in K, one obtains a representation
formula for an arbitrary solution y(t) to equation (2):

(3) Y(t) = K(t,to)xo ’
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where X is the value of y at t=t0. Suppose now for a solution

Y y(tl) = X for any fixed tl' then applying (3), we have
y(t) = K(t,tl) X1 .
But
X, = ylty) = K(tl,to) Xq e
Hence,

y(t) = K(t,tl)K(tl,to)x0 = K(t,to)x0 .

Since X, can be arbitrarily chosen, we have

t

< o,

Property 2: K(t,to) = K(t,tl)K(tl,tO) for all 0 < t, t
In particular, we have

0" "1

Property 3: K(to,tl)K(tl,tO) = I for all 0 s tO’ t1 < ®;
\ _ -1
i.e., K(to,tl) = K(tl,to) .

If we now use the periodicity of A, we obtain some
specific properties for K. Since K is a solution matrix, we
have

R (t+p,0)

A(t+p)K(t+p,0)

A(t)K(t+p,0) .
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Therefore K(t+p,0) is another solution matrix. But the columns
of K(t+p,0) are again independent; hence, K(t+p,0) is another

fundamental matrix of (2). By Property 1, there exists a constant
matrix C, such that

K(t+p,0) = K(t,0) C

for all t. Therefore, K(p,0) = K(0,0) C = C, and we have

Property 4: If A is periodic with period p,

K(t+p,0) = K(t,0)K(p,0) ,

for all 0 £ t < =,

If we now apply Properties 3 and 4, we have

1

K(0,t+p) [K(t+p,0) 1"

1

[K(t,0)K(p,0)]"

1 1

K(p,0) "K(t,0)"

K(0,p)K(0,t) .

Property 5: If A is periodic with period p

K(0,t+p) = K(OIP)K(OIt) ’

for all 0 < t < =,
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We can now apply Properties 2, 3, 4 and 5 to obtain

K(t+p,t+p)

K(t +p,0)K(0,t+p)

K(t,O)K(pIO)K(OrP)K(O ,T)

K(t,r) .

Property 6: If A is periodic with period p,

K(t+p,t+p) = K(t,1) ,

for all t, t30.

We now return to the inhomogeneous system (1). 'Any

solution x(t) of (1) can be represented by

(4)

: t
x(t) = K(t,to)x0 +[ K(t,t)z(z)dar ,
o

where X is the value of x(t) at t=t;. That x(t) given by (4)

is a solution of (1) can be verified by direct computation. That
(4) gives the only solution to equation (1) with the property
x(to) = X, is due to the fact that initial value problems for

equation (1) possess unique solutions.

Theorem:

We can now state the main result of this section.

Given the system

x(t) = A(t)x + z(t) ,




BELLCOMM, INC. -7 -

assume A and z are continuous and periodic with period p for all
t20. Assume also that det(K(p,0)-I) # 0 (i.e., 1 is not an
eigenvalue of K(p,0).) Then

a. there exists a unique solution to the above equation
which is periodic with period p. [That is, there
exists a unique initial vector X which gives rise

to a periodic solution with periodic p.]; and

b. the corresponding homogeneous system possesses no
periodic solutions of period p.

We remark here that p need not be the smallest period
common to A and z, and that no mention was made of the possible
existence of other periodic solutions with periods which are not
integer multiples of p.

Proof: We first prove part (b). Suppose that x(t) is a solution

of (2) and is periodic with period p. Then by formula (3), and
by the periodicity of x, we must have

x(p) = K(p,O)x0 = Xg .

Hence 1 is an eigenvalue of K(p,0), which is a contradiction.

Next, we prove the uniqueness part of (a). Suppose

x(t) is a periodic solution of (1) with period p. Let x(0) = Xqe

Then by the representation formula (4) and by the periodicity of
X, we must have

P
x(p) = x5 = K(p,O)x0 + jf K(p,t)z(t)dar .
0

Or by multiplying through by K(0,p), transposing, and noting
that K(p,t) = K(p,0)K(0,7), we obtain

p
(5) (K(O,p)—I)xO = jr K(O,t)z(t)dr .
0
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Now, since 1 is not an eigenvalue of K(p,0), it is not an
eigenvalue of K(0,p). Hence K(0,p)-I is non-singular, and,
thus, x, is uniquely determined by (5). Therefore, x(t) is

uniquely determined.

We now prove the existence of such a periodic
solution. Since K(0,p)-I is non-singular, define the vector
X, by means of equation (5). Note that, for such an x,, one

has
P
Xy = K(p,o)x0 + jr K(p,t)z(t)dr .
0

Consider now the initial value problem

x(0) = X

The solution, call it ¢(t), to this problem can be represented

by formula (4),

t
p(t) = K(t,O)x0 +[ K(t,t)z(t)dr .
0

We need only show now that ¢ is periodic with period p.
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t+p
¢ (t+p) = K(t+p,0)x0 +[ K(t+p,t)z(1)dn
0

P
K(t,0)K(p,0)x, +f K(t+p,0)k(0,)z(1)dr
0

t+p
+f K(t+p,t)z(1)dr
p

P
K(t,O)[k(p,O)x0 +[ K(p,0)K(0,t)z(7)dr]
0

t+p
+ [ K(t+p,t)z(t)dr .
p

Since K(p,0)K(0,t) = k(p,t), the quantity in the brackets is just
Xqe In the second integral if we make the change of variables
u = 1-p and use the fact that z(utp) = z(u), then we have

t+p t
f K(t+p, 1)z (1)dr =[ K(t+p,u+p) z (u) du
P . 0

t
= [ K(t,u)z(u)du R
0

by Property 6. Hence

t
¢ (t+p) = K(t,O)x0 +-Jf K(t,u)z(u)du = ¢(t) .
0

The proof is now complete.
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We remark here that much of the foregoing can be found
in several books on differential equations and stability. We
cite here only the book by Hahn [2], where the main theorem
above is treated but not fully proved.

We now observe that the existence proof of the theorem
actually provides an algorithm for finding a periodic solution.

To recapitulate, the practical procedure for determining the
periodic solutions of system (1), with A and z of period p, is
as follows.

a. Solve the n initial value problems
y) = A(t)yj j=1, «es, n
y3(0) = 5., i=14i, .v., n
i ij

b. Form the matrix K(t,0) by using the solution vectors

yJ as columns.

c. Check the determinant of K(p,0)-I [at only the point
t=p.] If det(K(p,0)-I) # 0, then obtain the vector
Xq uniquely by the equation

P
X, = (K(O,p)—I)—l[ K(0,1)z(t)dr .
0

d. Solve the initial value problem

$(t) = A(t)o + z(t)

$(0) = X,

This function ¢ is the periodic solution sought. All of this
can be done on the digital computer. Observe that the condition
det (K(p,0)-I)#+ 0, and, therefore, the applicability of this
algorithm, depends only on the coefficient matrix A and is
independent of the "forcing term" z.
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We remark here that the case where K(p,0)-I is singular
is also amenable to rigorous treatment, but it is much more
complicated and will not yield the same kind of result as the
theorem in this section. However, this theory is not needed
for the solution of the specific problem to be solved in the
next section.

ITI. APPLICATION TO THE ORBITAL ASSEMBLY

We now return to the system (*). If we let o, = 1,

and

=w’

then (*) can be changed to an equivalent system of six equations
of the first order. But since the first equation of (*) is
"uncoupled" from the rest, the system of six first order equations

is also "uncoupled," yielding two systems of two and four equations

respectively:
[ . 2 2 ]
u 0 227 cos 2w.t u o” sin 2w.t
_ z - 0 b4 0
(6) = -
¥ 1 0 ¥ 0
- J
K (0 0 o2(l+cos2u.t) -a?sin2e.t " v ]
U.y U)O O.y wO
W 0 0 -azsinZth ai(l—cosZwot) w
(7) = y
8 1 0 0 0 8
L) Lo 1 0 0 J L.
r[kc + xplsin(m t-¢) |Isin(w, t - w)q
y y 0 0
c Plas - -
.\ [Ax + AX|51n(wot w)l]cos(wot v)
0

0
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We follow the procedure outlined at the end of the
last section for both systems (6) and (7), using the numbers
for the a's and A's and wg in [1]. By solving the two appro-

priate initial value problems for the homogeneous system cor-
responding to system (6), we constructed the (2 x 2) transition
matrix K;(t,0). We then checked that det(Kl(ﬁL,O)—I) F+ 0.

0

We then computed the unique initial vector which gives rise to

a periodic solution y(t) with period :L , and computed such a
0

y. The same procedure is then followed for system (7). We

solved four initial value problems for the corresponding homo-

geneous system to construct the transition matrix Kz(t,O).

The (smallest) common period of the coefficient matrix and the

forcing term, in this system, is 2n . We verified that

w
0
det(K(%ﬂ,O)—I) is non-zero. Then by using the values of the
0
solution y(t) computed above in the forcing term of (7), we
computed the unique initial vector which gives rise to the

solutions 6(t) and ¢(t), which are periodic with period %1 '
0

as well as the solutions themselves. A printout of the results,

as well as a plot of ¢y, 8, ¢, is given at the end of the memo-

randum. They show very close agreement with the results of [1].

Now that an algorithm to compute periodic solutions
of (*), has been obtained, different models of the aerodynamic

torque can be easily simulated. Indeed, work is under way to
study the effects of the diurnal bulge.

The excellent assistance in programming and computation
by Mrs. Nancy Kirkendall is gratefully acknowledged.

1033-scC-jr S. C. Chu

Attachment
References i C, 54\

Printout




BELLCOMM, INC.

REFERENCES

l. Fearnsides, J. J., "Attitude Control for AAP 1/2 and
AAP 2/3A: A Progress Report," Memorandum for File,
B69 03026, March 10, 1969, Case 620.

2. Hahn, W., Stability of Motion, Springer-Verlag, New York,
1967.




T0+814IGL0C -
T0+L5TEBCHC -
10+99g166LC°~
10409244628~
10496600T.C %~
1042,2€899¢C*~
TO+C260029¢C -
10402990.6¢°~
T0+£80681G6¢ *~
T0+2H0ES9NE =
TO+€C26600C°~
T0+€6£825¢C -
T0+2921n62¢°~
To+higEEgeC -
T0+h90T2LIC =
T0+LGn680TC" -
TO+0Lnhhn0C -
10+079968L62° =
To+TLTLTT62 -
T10+4£€29¢hB2" -
1044990 2%~
TO+TTTEH0 2=
1049022€¢92°~
10+296219G62° -
T0+2LLh88H2 -
TO+L0n6hTHhe -
10+020L00€2°~
T0+2H785922 %~
T0+LL280612°~
10+€162H1T12% =
10+421g4L¢02° -
T0+4€T164096T°~
10+2€CECEBT "~
T0+€9€SS08T° -
10+9L65L2.1°~
10481568697~
T0+GTCCOLGT =
TO+L99CT6HT =
T0+45G002THT -
T0+9€TL2€CT "~
T0+9nsTC€G2T "~
10+006H€LTT"~
T0+26L9€60T°~
T0+G6GLCT0T "=
00=hhonlCe6° -
00-€CEG9¢GE° -
00=28T6h¢LL -
00-0L7142€69°~
00-L6000€79°~
00~209892¢G°~
00-951c€2Gh -~
00-T80h6TLC -
00-LnGIST62 -
00-.8G50TT12°~
00-€079S0€T "~
10-8,98200G° ~
10-209%hS0¢€"
3HL

20-GGG618L1°~
20=084T0061°~
20=-22¢€2ST102°~
20=-6h80L2T12°~
20-6H656¢22°~
20=-28990h¢2° -
20=692¢2hh2° =
20-9G0200G2° -
C0-HSGSHhE92° -
20=,04252L2"%~
20-00ncyge’~
20-0GH55682° ~
20-86G16462°~
20~9001T50¢"°~
20=-9H6£C21¢C "~
20-46L026TC "~
20=GC02L62¢ -
20-/.22881¢CC" -
20-£200LLCC°=
20-8HT8TCHE =
C0=-L6ECEEHE =
20-,2997¢GEe -
20-0G6.89.6¢°~
20=-22L06T19¢ "~
20-8G5£859¢ °~
20-9828669C "~
20-8L6682LC°~
20=-T€LL6GL8°~
20-099488.C° -
¢0-668L418C" =
20~06589¢CH¢ * =
20-€88.098¢°~
20-2¢69088¢C "~
20-%689868¢° -
20-9768hT6C "~
C0=hhTh626C°~
20=-21L52h6E "~
20=-ChLBEGHE -
20=-hHhC0Hh96C° =
20=,0962.6C°~
20-509L086¢°~
20-.8€5.86¢°~
20-286£€66¢ "~
20~-h6EHhB66EC "~
20-665L200h° -
20=9HGH9004H° -
20=GS19600h° =
20-91¢€E2I0h" -
20-9899hT04H "~
20=-989.9104H "~
20-01S9€104°~
20-60TH0204°
20-6027220H°~
C0=h. hBEZ0n -
20=-6969620h° -
20-6L09L20h° -
20~C8GL620h0°~
Q311

LIFGIO T 904 HNWIL

T0+€2¥26L01° =~
10+20680GTT°*~
10492006221~
T0+716898621° =
10+0€690L€£7 "~
TO+HT9CTHnT -
TO+€GH90TGT *=
10456608261 °~
T0+.280H491 =
TO+SLGL60LT "~
T0+€060CLLT -
TO+STISEHCBT =
T0+6HhT0G68T°=
T0+£8GGEGHT *~
T040€940T02 %=
T0+9CTL5902 -
T0+.8626112°~
10+€602TL12°%=
T0+200hT222" -
10468866922 ° -
T0+655991€2°~
T0+Lhh029¢CC° =
10460965002~
T0+TICThinhC =
10481194802 ° -
10400L79262°~
10492071€9G2*~
10+9924#86S2°~
10490912¢92°=
T0+6H2CHh992° -
T0+CTh6h692° -
10+T¢COH2LC -
104842971622~
T0+6ThLLLL2 -
T042TIh2082*~
1040996282~
TO+hLTSLhBC -
T10+4.11708982°~
T10+62L1.892°~
10+TT1€0G062° =
10469191262°~
T0+71969¢62°~
10480607662 =
TO+C6H0Hh96C° -
T0+6G58G5.62°~
T0+65HhG9862° -
T0+h0G6T1966C "~
10+900L4h00C "~
T0+hL22210¢C "~
T0+hT9.910C°~
T0+.L2€Che0E° -
10+491L6820€ =~
10+€,0.2¢€0¢€°~
10+269G66€0¢C -
10+868G64€0¢C° =
TO+hGBL8€C0C "~
10+26616€0¢C ° -
IHd

20-T6L6T18¢C"°
20=25L2G66L8"
20-009H569¢*
20-691L2¢9¢ "
20-BELeLIse”
20-0102660¢ "
20-TeT882HE "
20=-2€9296¢¢ *
20-194.182¢"
20~-055hG02¢ *
Z0-0c8GL2TE "
20-091¢8h0C"*
20=TEhBL962"°
20-25hg9882*
20-£666€08C"°
20-08L602L2°
20=6L1hLe92"
20-5696£G662 "
20-GL6h69h2°
20-L6L£G8¢€2"
20-9.G5E8T0C€2°
20-4G9G.122"°
20-90¢Ingcre"”
20-9¢.11502°
20-8L08896T1°
20-96¢T.280T°
20-94929081°
20-hi8292LT"
20=-L182L091°
20~80CC69ST
20-6GL0626hHT*
20-TH.89THT"
20=-0€0G2heT"
20-29¢h69¢CT "
20=¢92LL6T1T°
20=-T9ThL211"
20-62H9BG0T"°
€0-806£T166°
€0-021¢€2526"°
€0-0T¢he098"*
€0-50166L6L"°
€0-068899¢.L°
€0-00UGHh69L9°
£€0-2699L819°
€0=-¢£9€5T296"
€0-8L€0TL0G"
€0~-LBTTCGH"
€0~£2699T04°
€0=-nEh92T6C"°
€0-5628¢€20¢ "
£0-.£8005G62°
€0-99121602°
€0=-26T0LHh9T°
€0-Cn92LTET
H0=-€T0TLT08°
©0-L8T0T000°
GO=LShhLT2T”
QIHd

TO+GLYTLYBS
TO+TLTH9G29°
10+0G620199°
T0+8L.6L069°
10+hghHLB9CL"
TO0+G9h6TLGL®
10+80L6958L°
T0+h6L2€CTB"
10+206£0LCH "
10+0288.658°
10+8C6€S088°
T0+£h292666°
10+72¢€6ST6°
10+0hCES0F6E"
TO+HhHh0G0EH6*
T0+040LLHEG6°
10+6L218196°
10+04%090896°
10+016222L6°
10+692¢¢ChL0°
T0+5568€NL6°
10+652chcLe”
10+2885H896°
T0+4h2625296°
10+495899hG6*
10+884T60H6"°
T0+9G60CCC6°
10+£8968616°
104L9¢€2Lh06°
10+4Gh6£BL06"°
10464662698 °
T0+829hT6hu*
10+.290hL2CH "
10+09252408°
10+65¢296LL "
T0+9h8T9CGL"
T0+hLL6292L°
TO0+hGECLLE9"®
T0+69456L99°
10+44G960L89°
10+456060509°
10+46802T2L6°
T0+296028€G"*
T0+71502hHE04°
10+96918.90°
T0+42€C9hTEN "
10+T66Thh6E"
T0+4262GL95¢°
TO0+0hh2GBIC*
T0+L2L6L6L2°
10+0€Hhe90he*
10+80860702°
10460152191
T0+4¢9GSTICT
00-9¢6£L808°
00-2CT89h0n"
S0-0984THGC"°
Isd

10-0569¢88T° =
10-.0796087°~
T0~-hg2662L1° -
10-060L909T*~
10-8.41h09GT°=
T0=-0€C0TLHT =
10-T6GL8LET =
10-0G26€821°~
10-4€€8981T1°-
10-£68..80T° =
20=01280£486°~
20-68220588° -
20-1620618L° =~
20=GHh2108.9°=
20=-89G6C9¢ LG =
20=-Gheh069h° -
20-8¢2264H9¢ -
20-GB8CcT¢092" -
20-22€L99GT "~
€0-6LE6EBES "~
€0-GE£G096Lh"
20-2.01G68hT"°
20-2LL09.L%2"
20-6h090GHhE "
20-250690hh*
20=202¢ehes”
20-6L1£8529°
20-316H0GTL"
20-08568108°
S0=-ThGCT988°
20-0hE8LL96°
10-G90L9h0T*
10-22282¢11°
10-G8G50961T°
10-826€9921"*
T10-02G9¢€ECT "
T0-hTT6L6ET°
T0=TH606GHT"°
10-L0LTLTGT"
T0=-6L1T2LGT"
10-4816€297"°
T0-T196249T1"
10-42€08TLT°
T0-0GHhE09LT®
10-828h66L1°
T0-hEGHSERT
10-67928981°
10-8216L68T1°
T0-BhThhl6T°
T0-6hLLib6T°
10-6000896T°
10-4001G86T°
10-00806661°
10-69h66002°
T0=-050,/102°
10-€86¢2202°
10-0606¢202°
GISsd

JAOW dO0d NI ¥dLSNID 4d¥V JHL J0

+©04000002TTY"*
+©0+0000001T*
+04+0000080T°
+#0+0000090T1°
70400600007 "
+#0+0000020T1°
+©0+0000000Y°
€0+00000086°
€04+00000096°
€0+000000h6°
€0+00000026°
€0+00000006°
€0+00000088°
€0+00000099°
€0+00000048"
€0+00000028°
€0+00000008*
£0+0000008"
€0+0000009,°
€0+000000hL"
€0+0000002,°
€0+0000000,°
€04+00000089*
€0+00000099°
€0+00000049*
€0+00000029°
€0+00000009°
€0+0000008G"
€0+6666665SG°
€0+000000hG "
£0+0000002G6°
€0+0000000G°
€0+0000008Hh°
€06+00000094°
€0+T000004hh"*
€0+0000002H°
€0+0000000%°
€0+0000008¢"
€0+0000009¢°
€0+000000hC*
€0+0000002¢"*
£0+0000000¢"°
€0+00000082°
€0+00000092*
€0+4000000h2"
€0+00000022°
€0+00000002°
€0+0000008T"
€0+0000009T°
€0+000000nT"°
€0+0000002T1"°
£0+0000000T"*
€0+400000008°
20466666665
20400000004°
204+00000002*

00000000°
ANTL

"SA SUAILVATIYIA dTIAHL ANV SHIDNV dITINF




10+40n18C6T~
10+6€560T02°~
10+€0cET602°~
T0+964H2L912 %~
T0+T12H92022°~
T0+9.9hiT¢2" -
T0+€5.9T16¢2° =
T0+621269402° -
10465208¢G2 -
10+19500192°~
T0+0942T892°~
T0+THeSIGLE -
T0+L.G80282°~
104226768082 °~
104916£9662°~
T0+9L9%220¢° -
T0+8161L80¢C°~
10+41€690G1C° -
10+1028212¢°*~
T0+n00SEL2C =
10460992¢¢E -
T0+49.2206€C %~
104L92T99nC =
T0+Thg200GC =
T0+6G29¢GGC*~
10+68L0C09¢C -
T0+€0LSTG9¢ =
10+9820869¢C "~
T0+0€08ECHLE -
TO+CG9SHBLE =
T0+h80SHh2gC =
T0+6L91298C° -
T0+n12hL68C =
10400.20€6€°~
T0+CL€9096¢C -
T0+490,.h086¢€ -
T0+802LCT0H "=~
T0+82HE9C0N =
T0+48S629G0h°* =
T0+620S€L00° -
T10452G0980h° =
T04SL64660h0°~
TO+LGGLB0TH ~
TO+T0T60TTH =
T0+06HCBTTH  ~
TO+LG9LBTIHh =
T0+T6GN9TINH -
TO+€ECETTITH -
TO+GL6EE0TH =
T10+5999260h° =~
1048651600 =
10492062904 ° -
T0+42h26CHh0H°* =
104C6522200° =
T0+G9H6L66€° =
T0+C620TL6C "~
T0+8H5STHeC -
T0+THL5606C°~

LI40 T ¥0d HWIL °SA SIATILVAIYAd YIFAHI ANV SHTIONY ddINH

20-620L0G8¢"
20-000£0¢8¢C"*
20-0294L08¢"*
20~-806628LC"
20-065855L4¢
20-965292.¢°
20-9280h69¢"*
20=561c6G59¢ "
20=8€96129¢"
20-2210TBGE*
20-mh9IhLiEGEC"
20-9h2B06hE "
20-5000Thhe*
20-0906.8¢¢*
20-209h1gCC”
20-g88GsTL2¢C"
20=-gh22802¢"°
20-T60CTHIC"
20-116L0L0¢C"
20-86299662°
20-6¢648162°
20-9¢92,.c82"°
20=-t10¢c02G522°
20-8960¢€992"°
20-1084h0252°
20=-660Chihe*
20=-862EhniCR"
20-9L680L22"
20-8986¢912°
20-9h89¢502°
C0=2H60046T"*
20-geLeeeet”
20-89€SC0.LT"°
20-G16808GT"
20=-60hnhGSHT "
20=-C28hL2ET"
20-299T261T°
20-£969490T°
£0-26.820¢€6°
CO0=-hGLITHEL"
C0=-HETLG969"
€0-L00hLLIS"
€0-0LL86L48"
£0-8660n. 2"
Hh0-0h622h96°
H0=L29UG nh’*~
€0-8.899581°=
€0-66THh992¢ ‘-
€0=-6LnT18990 %=
£0=0€421909°~
CO=hLhTChhL =~
€0-£6861188°~
20=-268¢9701 "~
20-098.6hT1" =
20-g2271821°~
20-8h020THl "~
20-81289€GT -
20-2G6L0961 "~

T0+2920LhL2°
T0+5¢€098TL2"°
10+¢2998992"°
T0+88.TLG692°
T0+60€TH292"°
T0+6.6H68G2°
T10+5092¢€652°
TO+GTOHGTSS®
T0+TG506G202°
TO+6LSLhEH2®
T0+9806T6€C"
TO+6L90LnEC"
T0+160CT0ER"
10+189H€G2e"
TO+hEHh6L02C
T0+g9€L2G6T12"
10+21G586602°
10+G562GH02°
T0+L6L06861"
T0+48L12T¢61°
T04€L2LTL8T"
10416290181 *
TO+SLH6LNLT®
TO+TTTLERIT®
T0+8TG6LT9T*
T0+h50.,0GGT*
T0+8TT0280T*
T0+hhT6TTHT®
T0+209h0nET "
T0+T20LL92T°
T10+8C69C6TT*
TO+hh6H8TTIT®
T04999T2#0T1*
00=-€H9LLn96"*
00-62€6£988°
00-68680L00°
00-86TH692L°
00=-L1820949°
00=0L62Hhn9G"*
00-8T0C2284°
00~CESTS66E
00=h 2.€9TC"
00-0GT6B2CC"
00-G619T6hT"*
T0-00€SL259°
T0=-€299L981°~
00+8.10920T°~
00~22804981°=
00=hHhh000L2°~
00-G9662¢CGE "~
00-8TH029%H " -
00-8.62981G°*~
00-9868h009°~
00-26669189 "~
00-29LLT29L°~
00-02¢H8THE -
00-G9619026°~
00-662CHhE66°~

20-18L5¢€8€1"
20~-.8688SHhT"*
20-762HSEST "
20-0901¢T9T1"
20-8458169T"
20-T809TLLT"
20-hgL2258T"
20=-0h9LCC6T"
20=-2¢86G102°
20-g/288602°
20-298712812*
20-52h65922°
20-6TL66h0E2"°
Co0=hEnThene®
20-061¢BIGE"®
20-g£Ge209e”
20-89609892°
20=-¢u6£69L2"
20-20L02582°
20-8496¢€¢62"°
20-8606HT0¢"*
20-hh1Lh60C"
20=-Te6lcLTC"
20-99L1062¢°
20-TLGhG2¢C"
20-2uheBete "
20-C9GT0LhE "
20-LL8T6€ESE "
20=260LG509¢ "
20-Hh6h9699¢
20-£6690¢LC"
20-Ch1LB8LC"
20=-2hISEHBE "
20-9626h68E *
20-T128.2h68 "
20-0926986¢°
20-1602L200°
20=CHh6hCI0n
20~-6559G6604°
20-918GE2TH°
20=T2LTLHTH®
20-GEhE99Th "
20-5920181TH°
20-8L91161Tn"
20-h0€L961H°
20=-6£69L6Th°
20-9hG0H6TH®
20-0928581h*
20=GLLUSLTH"
20=GSELSGTh"
20=h2geLCTH"
20-29G8L01h*
20=C6HhLL0n°
20-16982h04h "
20-CGC2h00h"
20-9089196¢ *
20-6BhEST6E
20-0h6£598¢€ *

T040TG098¢t =
10+226256Gb =
T0+LL1188L8° =
T0+TT7.86968°~
T0469¢19216°~
T0+86€06926° =
T0+T1860h6C6° -
104255080066 ° -
10+££889856° -
T0+8h8LLS90 " =
1046567206~
104698.9€L6°-
T0+08929hL6° -
10+806K65L6°~
T0+CLH6€0L0° =
10+69.L71S9%6° -
10+599.8.S6° -
10492684806 =
10+48¢200.€C6° =
T0+222¢Hhe26° -
TO+hGhBLLO6 -
10406420068 °~
T04€2Hh2CULE " =
10466655848 ° -
10+€26T9H28 =
10+8062T66L°~
T0+hL9hGTLL -
TO+SheTIChL -
10+6¢H060TL %~
T0+0L1h96LL9°~
T0+0€69CEN9 " =
1049.261L09°~
TO+STGT1G696 "~
T0+G8T2h0LS -
10+442€0006%°-
T0+hSHhGEBhh -
T0+2H5LG6500° =
TO+hL69LT19¢ -
T0+4L1GHh0LTC =
T0+h82TSTLE "~
10+06982G2¢* -
T0+9ThEhELT =
10+429¢221€T° -
00-Th0929¢6 "~
00=-69hETBGE* -
00+hT2T602T"°

00-9LL49665G"

T0+40THh89L0T*

10429921861

T0+20T.120¢C"

10+h2L698hC*

10+L€L8G5h62°

10+88GCL6EC"

T0+21000h8¢*

104€900¢s2Sh°

10+G5912G69h*

TO0+L8T9G501S"

T0+G€22¢06s"°

T0=LGHhLhB0T*

10-9202.007°

20=-Th268926°

20-G0gc068H8"

20-GheeeBgLe

20-306620.9°

20-72,066L5"

20=-hh 0CL8h"*

20-2L1H9265"°

20-19690962°

20-2¢Ce9LL6T"

£0-40LL06L6"

h0=-2C18662¢€° -
20-GL6h950T° ~
20-0¢026802°~
20-CeaLReIC -
20-496L2LTh"~
¢0-9.69812G° =
20=-/hh8C929° =
20-680GG0€L -
20-CC880hE8 -
20-0h60L9C6°=
10-7T218¢01 "=
10-29208€T11° -
T0-hh219€2T =
10-6€TT2CCT -
10-926962h1 "=
T0-T09G91GT =
10=98Thh09T * =~
10-25L688971° =
10-0Eh669LT° =
T0=~-0CHh0LHhBT =
10-2600026T7°~
10-CTLS8861 =
T10-8h64h2G02* -
T10-8¢HhGTTTE =~
10-H1056912°~
10-6291h122"~
10-¢T19¢L622° ~
10-¢6T6h622° -
10-966992¢2° -
10-078526¢2 "~
10-8h9h2Lc2°~
10-94.208¢2° -
10-1.G6C6¢2" =
10-929h56€2° =
10-6S5Hh806€2° -
10-TH9008¢2* =
10=-T6LT€9E2" =
T0-LGG20HhC2 " =
10-8T8LTTIC2 -
10-62999.22° -
10~-Lth20€22° -
10~09920612° =~
10-0¢068CT2" -
10-264£2R02° ~
10~80180202° -
10-0€TSHG6T =

(*3u0)D) TAOW d0d NI ¥ALSNTD 4dV¥VY dHI J0O

+0+00000822°
+#0+00000922°
©0+00000n22°
+©0+400000222°
70+00000022°
h0+000008T2°
Hh0+00000912°
©0+000004T2"°
h0+00000212°
h0+000000T2"
$0+00000802°
+©0+00000902°
©04+00000h02°
+0+00000202°*
©0+00000002°
+0+0000086T"*
©0+00000961°
©0+00000h6T "
+©0+00000261°
+#0+0000006T*
+©0+0000088T*
+©04+0000N98T°
©0+0000000T°
+©04+0000028T°
+©0+00000081"°
1040000081 "
+0+000000271°
h0+00000H.T"
#0+000002L7°
©0+000000L7°
+#04+000008971°
+04+000009971°
+#04+0000049T°
$©0+0000029T1°
+0+00000097°
h0+000008GT "
+©04+000009GT°
©0400000hGT*
+©04000002G6T"*
H0+000000GT°
©04000008HT°
+0+00000947"°
H0+400000hHhT°
©04+000002h0T°
+#0+0000004HT°
+0+000008€7°
+©04+000009€T*
©0+00000hET "
+©0+000002¢€T"°
+©04000000¢€T*
+©0+40000082T"°
©04+000009271°
©04+00000H2T "
10400000221 °
Hh0+00000027°
70400000811 °
h0+000009TT*
©0+00000HTT*




T0+ECyLh09e"
T0+28hbu2CG2"
10+66210942°
10+£G5g99g¢c2
10+6894%21¢ce*
T0+2€¢c8Lic22°
10+.82%2912°
Te+cc0L9002°
10+0€0Hh0T02°
TO+nTL9¢CCHT
10486459697 °
T0+€2206227°
10+806CT102T"°
T0+8Hh22C291°
10+8TT0hnGT "
10+618899nT*
T0+1¢99.8¢CT "
T0+€T8LB80€T*
to+c09L622T*
TO+L1290GT1°
T0+hGBETLOT"
00-01690266°
00-8G8492716*
00-G8.52¢¢8"
00-C€T68LEGL"
00~-58262H,9°
00~18LLL06G"
00-4T15261G°
00~-858TLGEN"
00-6THh8T9G¢"
00-92099922°
00-nl6TT26T"
00+THT6GLTT®
10-99¢h90gg
10-€9TE9hTh* =~
00+004#6602T°* =
00~-H20£5002°~
00-88240082°~
00-2L1296G¢ -
00-2¢GLlT6Che -
00-980€L681G6°~
00-LTHhB8286G"*~
00-9G6C8LL9° -
00-1865S€LGL -
00-609969¢Q°~
00~L£8L£C9T6° -
00-16294566°~
10+22215.0T°=
TO+LhTHHGTIT =
10+4L09C€2T° -
T0+€99921¢CT "~
10+498929T6CT =
TO+ETTNOLHT -
10+8L006hGT° -
10+€06£4297° =
10+€82650,.1°~
T0+4968€€QL T~
10+26¢6099T°~

20-¢€0c9L6E"
20=-TST16919¢*
20-9LE€5hG9¢
20=Thih689¢C"
20-60€LT2LC"
20=C9ThIGLC"
20-90409u/l.¢C°
20=hS15C00E "
20-6251928¢"
20=4%9999hgC*
20-9991599¢*
20-TELLTAREC"
20-G165960¢ "
20-8G€L606¢C°
20-G91¢T26C"
20-92hhIghE "
20-02220h6¢C"
20-209L L t6C"
20-€1914G6c "
20-69296G6¢"*
20=-29G6¢96¢ *
C0-6ShGL96¢€°
20-€06£0L6€"
20-808G2L6C"°
20-HG0CH 6K "
20-96hEGL6E"
20-HS609.L6¢C"°
20-91259.26€"°
20-L€0L9L6C"
20=2€TL9/6€"
20-68199.6¢*
20=-258h9.6¢"°
20=22L89L68C"
20-9.€€9.6¢5"
20-2.Eh9L6EC"
20~6£999,6¢°
20-.8969.6€°
20=0h62LL6E"
c0-L8LSLL6E"
20-9LGLLl6C"
C0=-L29LLL6E"
20=-hT12SLL6E"
20-T9S69.6¢€"°
20=-0h66G/6¢€"°
20-99hGh 65"
20-60€52.6¢"
20-2LG58696¢C"°
20-19£H996¢
20=-6691296¢C "
20=-Gh969G66¢°
20-G6TL0G6C"
20-0¢ECThee"
20-600Lht6E"
20=2LTih26C"
20=ChiCET6E"
€0-929¢006¢°
20-hTLG5G88E"
20-0680699¢"°

T0+hi€L2002"
T0+.8T68L02°
T0+1TShETG2"
TO+LLhETGG2"
T0+Ghe9L8G2"
10+88622292"
T10+968€5692*
T10+18169892°
10+790691L2°
10+CLLESHLR®
T0+G95¢2222°
1049698L6L2°
T0+G¢cheT12ge"
T0+8G509hh92"°
T0+£5896982°
10+0T718G909"°
T10+L2THh062"
10+4802,.7262°
10+8G9.4¢62°
10+L8452662°
T0+L0619962°
10+2¢€98,62°
T0+h.£66862°
T10+6HET1000C"*
T0+6952600¢*
TO+LhECLTOC"
T0+h66CH20C°
T0+LT84H0C0OC"
10+€219G6¢0¢C*
T0+21286C0¢C"*
T0+99CTEHOC
T0+T06GGH0C*
T0+8hT2LH0C"
T0+29€08H0¢ "
T0+2€208%00¢C*
TO+LCECLHOC"
T0+G68LGh0C
TO+LTTHhEHOEC®
TO+2TLT040C"°
10+4CEC09¢0c "
T0+2€86020¢C "
TO+hGLE6h20C
T0+ShE6LTOC"
T0+h6L6600¢€°
10+0626000¢
10+T2080662°
T0+T.9G6.62°
T0+.261L962°
T0+CLHh9€G62°
10+496688¢€62°
10+h8162262°
10+492.9G062°
T0+GTETLHR2"
T0+609249892"
T0+92H094h82°
10+09¢nE282"
T0+19TH66L2°
10+2656€222°

20=-296100712°*~
20=h9€LLT02% -
20-G£09G5C6T =
20-6002H58T =
20=6029€LLT° -
20-0596€£69T° -
20=2n0€GT97 -
20-06TLLEST =
20-56L2T9hT =
20-66H1096CT -
20~-288021¢€T*~
20-L9h1682T° =~
20=02LT99TT =
20-950¢8607° -
20-G¢c88620T° -
€0-869£6296° -
C0-G6T6HL68° =
€0-€50L50€8° -
€0=h668T1LL
£0-8CC9C0TL -
€0-9000T159°~
€0-6H504€6G° =
€0~L5T02LEG =
€0-9692L28h° =
CO-hTLEL62h -
€0-9Lh0€BLE -
C0=LL6THhB2C =
€0-69690082°~
co0-Cg6Lecre s -
€0-6h€T648T°-
€0-G22LO0hNT =
€0-97969101*~
Hh0-60550L09°=
H0-.81CTCTe =
h0-h0282¢CLT"
©0-5689589G°*
H0=C091TOL6°
€O0=-hGHhi2040T"
€0-88980081°
£0-g58NNh6C2
€0-98L1€9.2°
CO0-BhTTLh2E"
£0-00nh9nLE"
€0-1822T92h"
€0-CHCLT6LN®
£0-££98.€€S"
€0-L,92L668S5°
€0-80CCLLH9"
£0-9469020,°
€O0=-LTHh96L9L"
€0-266TH0CH"
€0-g68THhh60°
€O-LTHN6656°
20-hg26920T°
20-008nS601°
20-62CHhS9TT"
20=-hS649¢€21°
20-292560¢€T "

1046£502596°
10+H8G6.8G6°
10440066106
10+9.6.26€6°
10+19552926°
10+,8/hh2T6"
10+STH0H968"
1049162988
10+09€TC6G8*
T10+06€L508¢C8"
10402276518
10+6198616L°
T0+0945999, *
T0+L€LL66€L°
T0+7¢gr02TL"
10+06620289°
10+TCCONEG9"
10+018€0T29°
T0+02.5688G
T0+6L€0TSGG"
TO+hTTHL02G°
T104692€5584°
TO0+6LTHGEHN
10+8L1¢€82TH"
T0+h6590GLE"
10+2€4062¢€¢€°
10+80610662°
10+68€90092°
10+69n02022°
10+THC00TRT"
10+4€0€20TNHT*
10429528007 °
00-99¢€Lh09°
00-15£82002°
00=-TLE20h02%~
00-99.16809° -
10+9L202T0T°~
T042C8CHTHT =
10422914107
TO+02HTITICC -
10+.8690092° =~
1046902Hh662°~
TO+T0H06LEC°~
T0+96958SL€ -
T0+SS9T12CTIh =
T0+L96T166h0h -
10+4950€0656h '~
TO+LEC0TTCG -
T0422L50565 %=
10+4€270688S° -
10+4402.€7129°%-
10409908259~
TO0+68T#T1€689 =
10+4G€GT1€CTL -
T04+L80920hi
10+4€682699L° -
104€L902264 %~
T0+6£8STST8 =

T0-SHhhh6GTT*

(°3U0D) IAOW d0d NI ¥IISATO dVVY HHI JO
LIGJ0 T ¥0d HWIL °*SA SIATIVAINAd YIFAHI ANY SHTONY ¥ATOT

20-0TL00L62° - #0+00000HHes
20-08009€6€°  4©0+000002h¢*
20-9n9h288H*  40+000000HC*
20-€942808G*  $©0+000008€C*
Z0-8HEBITL9*  ©0+000009¢¢+
20-09€026SL°  ©0+00000HEC*
20=HLL0L908°  £0+000002€¢*
20-%90TLL26°  $0+000000¢C*
T0-nC66200T°  #0+0000082¢°
T0-€80SG80T*  $040000092¢ *
10=28LT09FT* - - +0+00000h2EL" -
10-6S€6TE€2T®  70+0000022¢°
10-9€2L00€T*  #0+0000002¢°
10-£26099€T * sc+ooowom~n.
T0-n20262HT*  70+0600009Tg"
10-/6T8984T*  $0+00000HT¢*
10-08TESHST*  $0+000002T¢C -
10-98.986ST* ©0+000000TC"
10-2588049T*  #0+0000080¢*
10-G626569T°  $0+40000090¢*
10-8G5086€LT°  $040000040¢*
10-€2TS08LT*  $0+0000020¢*
10-10G6818T° - $0+0000000¢"
10-0€2h2S8T°  $0+00000862°
10-09C9C88T* 40400000962 °
10-6S69TT6T*  $0400000h62°
10-20T99€6T*  $0400000262°
10-998€8S6T*  ©0+00000062*
T0=BZCOLZ6T* -~ 4D+00000882 -
10-1955266T°  40+400000992°
10-1€961002* 0400000482+
10-€6520102*  $04+00000292°
T0-T6#10202°  n0+00000082°
10-0SESE202°  $0+00000922°
10=-661S€202* - 40+080809L24-
10-G20h0202° ©0+00000Hh22°
10-278THT03°  #0+000003L2"
10-h4G8H002°  $0+000000L2°
10-29T02661° = $0+00000892¢-
10-,1989L6T°  $0400000992°
10-30876561* - 104000000932
10-G9.£9€6T°  $0400000292°
10-80cwTIT6T" +0+000800092"
10-C6€CC88T*  $0400000852°
- 10-9460258T* - - -#0+000009G2* -
10-2069LT8T°  ©0+00000052*
10-£03300431- - 104006003534
T0-h20E6ELT*  $0+400000052°
TO-MNLnG69T*  #0+000008#2% -
10-436£849T 40400000902
10-865T06ST° 50400000002
10-289,h4ST: 70400000242
- 10-29C20801 . . $0400000083°
10-8685820T°  ©04000008C2°
10-2648S9€T* . - — #04000009C2" _
10-964000€T*  #0+000000C2*
10-8TQ2ILT* - 70+00000202*-

+©0+000000¢€2°




TO+nhgeHSHe®
10+626080G6¢"*
10+8796665¢°
10+98C6609¢*
T0+8216459¢"
T0+0CTBECOLE"
T0+L0.GL028"
T0+.81168LC"
T0+L165828¢C"
10+8925598¢*
10+.£98668¢°
10+2G5n6TC6C"
T0+0L15196¢€°
1045824688685 °
T10+82€62T04°
T0+7.,890€0%°
T0+625LE500°
10409600L0%°
1041.89€800°
T0+L10Sh60h"
10+H02S20TH°
104.82LL011°
10+CLTTOTTH"
10+42689601Th°
1042920901 H*
TO+2HGE00TH®
T0+06L7T600°
T0+SL186L00°
10+226£5900°
10+T062B8N0H°
T0+TE9EB200°
10408285001
10+.599086¢ °
10+CT262G6C*
T0+0Hn9226¢ *
T0+h9gb688¢C"°
10+6h0L058E "
T10+.L86TLT8¢C"
10+860%LL2C°
To+L222s¢€L€°
T0+4%h96069¢*
TO+CCOINhog*
10+L60E965¢°
TO+hGGESHGE "
T0+82T9E6n0C"°
T0+25556€n¢°
TO+H9GLEREC
10+c06C92¢C "
10+60¢2L92¢*
10+9159902¢ "
10+9G629hh1c°
T0+4522180¢"°
10+2226970¢ "
10+4%9950562°
10+0LgheeB2"®
T10+LT6C5182"
10429909n,2°
T0+09,.8G5,92°

LIGIO T d0d HWIL

20=-4h00LCCL2 "~ TO+Lh92LTLY =
20-G6£G2h92" - 1045€902G91°~
C0-86hLLNG2 "~ T0+569€S8ST -~
20-259¢6hhe "’ - TO+G6T2LTIST =
20=LEChInC2 - TO+HNGILNNT =
20-08T02hc2" -~ T0+06T29.€T°~
20=-LG6T¢CT2°~ T0+029Hhh0ET* =
20-56501202°~ T0+6G560€2T =
20-6LTL506T°~ 10489619611~
20-0h62L8LT %~ T0+840¢0807 -
20-49265991°~ TO+nE2€C00T =
20-C69LTHGT - 00-9L61€GCH"° =
20-0066HThT "~ 00-9279€9%6 * =
20-80LLG821°~ 00-9H0€G99, * =
20-0L0€HSTT = 00-20669G589°~
20=-59060201°*=~ 00-02L£5H09° -
€0-nSB81588°~ 00-680¢G522S° -
€0-90€568hL " - 00-HZH866Eh "=
€0-8162€019°*~ 00-8€65695¢ * -
€0-TOhL60L0° = 00-612GS¢€LC "~
€0=-L2TLL0€E "~ 00-1615868T°~
€0-986.6681"°~ 00+T68H6G0T°~
$©0-0922988h " - T10=-40CHC6TC -
h0-2L69T¢26° T0~84€00129°
£0-£8262¢¢2"° 00=6E£€909HT*
CO0-nh108ELE"® 00~-ThC98622"
€0-9918GCTG* 00-2560hCTC*
£0-869.£269° 00-091T1996¢°*
£0-0T6C668L" 00=-6HT18C6LN "
€0-82¢€10926° 00-6€TC9T9S"
20~.6L€090T" 00-079.2¢49°
20-896.26T1° 00-Ge2¢2heL”
20-L190¢2¢CT " 00-¢26Thn08*
20~-LL960G6HT"* 00-608GLC80°
20-862¢9.G1°* 00=-Hh91h2T296°
20-59568691° TO+£G6S6€0T°
20-€00L87181"° TO+HTGE6STTT®
20-G80hGLOT* 10+40LLTT6TT"
C0-hgno8hoe* T0+7012G92CT "
20-22026G12° T10+6T66L8CT"
20-6.909922* TO+LL9060h0T "
20-89G5h69¢2 " 10+4298G6LhT1"°
20-6L6C69402° TO+H00CBHST*
20=-1¢Es5962° T04699GST91°
20-Tel1RG92" TO+09heTE9T "
20=-h920.hL2" T0+2209GHLT"
20-TeL22¢He" T0+9¢0¢8081°
20-8¢GLct62” 10422206981 °
20-h6L5T662° T0+heCceB26T
20-G9€LG590¢ " T0+.9189861"°
20~29629¢cT1¢ "’ T0+9hS0€H02 "
20-86L1c02¢ " T0+5¢€9L602°
20-6155992¢ " 10+492hG0GT2"°
20-86Hh92¢CE "’ T0+26L.%022°
20-,22628¢¢" T0+592¢ctgee”
20-60G09¢€He* T0+556T6622°
20-15T658ne* T0+8€B8ESHES®
20-02092¢G¢e"* 10+GG6868¢2*
(*3u0D)

20-n591222¢" -
20-££/9262¢°~
20-2lehTLEE -
C0=~ThEeehne -
20-L66821SE" -
20-£0¢2086E°~
20-92¢0Sh9¢°* -
20-6511L04¢€°-
20-926299.¢€°~
20=-¢6LC228C "~
20-186T1GLBE -
20-68L5h265°~
20-9.G¢0L6€° =
20-908¢210h° =~
20-04050G04°*~
20~TS65480h° -
20-LEESHTITH =
20-82120hTh’ -
20-C6ESTITh -
20=-HGENBLTIH =
20-28L806TH "~
20-G10.86Th*=
20=-0566702h° -
20=150L002H°=
20=-09€8Hh6Th° -
20=-690hhBTHh -
20«6H5Hh69Th° -
20-82€00GThH* =
20-2602921Th"*~
20-1890860h "~
20-L80LG904°~
20=2ch2620h "~
20-2H6.886¢ ° -
20=-hT0GhHh6s "~
20=-€115968¢C° -
20-2186hhge " =
20-0LL006L8" -
20-6TL6TCLC° -
20-CGHh80L9¢C° -
20~-CT88909¢ "~
20=G8920HhS¢C * -
20=-9L6TTLNE -
20-£T19866€C "~
20~-0€G6h92¢C "=
20-L5911G2¢" -
20-206ThLTE "~
20-6LTL560C" -
20-Le€6G5T0C " -
20=-¢1206¢62°~
20~G6G5T¢G8C "~
20-geesoLLe -
20-G422L892° -
20-2165€092°~
c0-5L1961G2° =
20-T80GGCHE -
20-CLOnTGE2 -
20-h2gh 922" -
20-¢hL €8T12° =

T0+0008G6G8° ~
T0+40TT189¢€8°~
104850902168 °~
10+080EHhS8L -
10+h660695L°~
T04922L692L° -
T0486LLH1069° -
104ST1€69099"° -
10485682529~
T0+G9hhE88G -
T0+0TTHh66HS "~
10416991016~
TO+160TT69N0° -
10+42928892H° =
T0+88TLG6€09¢C =
10+0588268¢C* -
TO+h6ThIN6E -
T0+C6hh2ENHE -
104+00€T2T02%=
T0+42THh99hGT =~
104628712407~
00~-£h896H65 "~
004TEh22911 =
00-2991829¢"*
00-21826008°
TO+G5L89TET
T0+T00h68LT*
T0+8hTH LG22
10+496096122°
10499680 1€
T0+40G510229¢*
TO+hgL66S0h "
T6+6659L8h0h°
T0+0C20H060"
T0+408080€%*
10+2G.68696°
T0+1105GL09°
TO42HTTLEND
10415062829
T0+9TgT2TTL"
10+4€50TheHL
T0+£S6T18TLL®
T0+£0€8CE66L"
10+886H0628*
T10+TenLLENE”
T0+49061S0LB°
T0+€26h206u*
TO+h<BE6L06°
10+12596¢26°
TO+CHhnTTLCo"
T0+2E9LG6h6*
T0+1L946LG6°
T0+L4922596°
T0+h622h0Le
T0+9590GEL6°
10+494¢€ 1900
10+62G5h9¢Lb°
T0+4€T19990L¢ *

10-828,2807°~
10-0€18281T1° =
10-6£88082T -
10-HC696LET" -
10-2006TL0T° -
10-642CT9GT *~
10-02GSL99T7° =
10-GTeC0E T~
10-108€608T° -
10-CE2hheeT -
10~996 16561~
10=-6LhhT202°~
10-42£62802°~
T0-TTHheCTT*~
10-€0520672°~
10-ThL99¢€22° -
10=-40402222°~
10-296971¢C2°~
TO0=-GTTS0HEC =
T0-8h. CE9C2° -
10-696708¢2 "~
10-261606€2° =
10=-hh6hS6E2" =
10-6906€6€2° -
10-,29198¢2° -
10-81622L€2°~
10-hLhe2GE2 -
10-¢£90h92¢2° =
10-GL96h622* -
10-62569G22° ~
10-2¢0,€122°~
10-82860912° -
10-1¢260T12¢=
10-¢hLBTG0C -
10-0€06.861° =
10-8T626T61°~
10-898c948T* =
10~-8960169LT7° -
10=LTHTBE9T =
10-20G5¢09T7" -
10=-9099G161° -
10=9h9.hZhl" =~
10=-C09TTICCT =
10-h8H1G€2T° -
10-L0€0LETT =
10=-160T2€0T =~
20=-1h6£895¢6° -
20-8¢250¢€€8° =
20=-9¢L0662L =
20-T129¢€G29 "~
20-55961802G°~
20=-T20€29Th* =~
20=-222¢RTIC -
20-40088L02°=~
20-CLLT9Hh0T "=
h0-€0.€8L22°~
€0~TEGIT686°

20-etLGLB6T"

dJOW d0d NI ¥dILSNID d¥V¥ HdHL 40
“SA SHAIIVATIYHA Y THHL ANV SHTONY Jd37103

©0+00000094°
+©0+000008S4H°
©0+000009Gh*
©0+000004HGH*
h0¥0000026h°
©0+0000006h°
©04+000008h%°
©0+000009hh*
©0+00000hth*
+©0+0000020%°
h0+000000hh*
©0+000008€H*
#0+000009CH*
©04+00000hEH"
©0+000002¢€H°
©04+000000€H"°
+©0+00000824H°
©0+0000092h°
©04+00000h24°
+©0+00000224°
©0+0000002hH°
+©0+000008TH*
©0+000009T4H"°
©04+000006TH*
©0+000002T4H°
+©0+000000TH"*
©0+00000804°
+©04+00000904°
©0400000H04°
+©0+00000204°
©0+00000004H°
+0+0000086¢"*
©04+0000096¢°
©0+00000h6C "
©+0+0000026¢C"*
©0+0000006¢*
+0+0000088¢*
+0+0000098¢"*
©04+0000048¢"
+©0+0000029¢"°
+#0+0000008¢"*
©0+000008LC°
+#04+000009.¢°
©0+00000hLC"
+©0+0000024€°
©04+0000004¢€"°
h0+0000089¢*
+©0+0000099¢*
#04+0000049¢C*
+©0+0000029¢*
©0+0000009¢"°
+#0+0000086¢"°
©0+000009G¢"°
#0+00000hGE°
©0+0000025¢°
+h0+0000006¢"*
©0+000008H¢"
40+0000094¢*



T0=959"9G00° -
T0-€S00€L6L" -
20-6hCBEOLS
10-18008TG8"°
00=-n9GLihL9T "
00-182996h2°
00-8990LICC"
00-C00ELETH"
00-92219660°
00-%9768LLS°
00-99590659°
00-206290%L°
00~£LGGL0220°
00-9T.L6££06°
00=n6£8S186°
TO+THh29G6901°
T04+8€0SONTT*
T0+gL0CL 22T
To+cLTLLOCT"
T0+HnE€10088CT*
T0+6€.0090T*
TO0+9HL8L0GT "
T0+168£L29T°
10+.09590LT°
T0+G2ZanG8LT"
T0+h T6€90T°
T0+8LL6TH6T"
10+6G68S6102°
10+£7049602°
10+91g2cL12*
To+2egconee”’
To+Sgg9nege*
To+c2gE66€2°
T0+L02E€LNe’
T042L0S94G2°
T0+hGG88192°
10+¢L0£0692*
10+620809.2°
10+10gc0¢ge*
10+15.908682°
10+h2265962"°
10+0gg6Tc0C"*
10+CH0L960C "
10+80010971¢"*
10+5g,0222¢°
10+806S5292¢*
T0+C09NTHEC"
T0+262L086¢5"

LIFH0 T d04d dWIL

20-6T6982TH° -
20-G1C982THh -
20-,,0822Th" =
20=99G2LTTIh =
20=0626TTIHh"~
20«66SL90Th" -
20-C86910Th =
20=89H99604°~
20=Lh961604" -
20=TL9€980%h° -
20-9GL6060h°~
20=180£G.L04 "~
20~-16.26904° -
20=666L2904h° =~
20-CB8LLGG0N0 "~
20-h6TTEH0h "~
20-6h2L6E00" =
20=CH6h0E0H =
20-THh2C0200°~
20-G80T600h° =
20-96£L966C° -
20=H.0TCH6EC "~
20-2007896C "~
20-90h09TG6C " =
20-T906£C6C "~
20=0689¢C16C "~
20=0L€0268€ "~
20=GCCHB9BE -
20=hT9L2hBE "~
20-GhO6NTREC -
C0=0LninBLE -
20=-00LT2GLE "~
20-0220LTLC°~
20=-60€€6L9C° =
20=-TTH88C9C" -
C0=CL6NGHGE "~
20=-LL6T60GC "~
C0=-hhhB66HE "=
CO=BhhELhhe =
20-T119T6CC "~
20-92952¢¢CC " -
20=.%H210.2C" =
20=01EChoRE "~
C0-8228nCTIC " -
20=-T166190¢ =
20=-£9.2G862 "~
20=-9690G062° =~
20-92121282°~

10+6292290¢ °~
10+46152280¢ =
T0470L.080C°~
70+€0058.0¢C -
T04+6STHSL0C =
10450601 .0€°~
1042969990¢*~
104.900790¢ "~
T04226€h50C° ~
104CH289H0E °~
10+6€L29¢0C -
T10+€TTL020€° =
10+29018710¢€°=
T0+662H900¢ -
1046069¢€662° -
10+09€.6.62°~
10461990962 °~

"TO+hT6EBN6C -

1042968062 °~
T0+6GH12T762 "~
10490112682~
10+4409.0282°-
10479908082 ° -~
10+6066€282° -
10+80€£G586L2°~
T0+60E9T L 2%~
T0+hE8CENLE =
TO+E2GHETLC ~
10469112892 °~
T0+1CG26H92° =~
T0+00h8HT9C° =
10+€.588152° -
T0+1962ThGE° =
T0+h6012062°~
10+€21cToNe =
T0+91988THS *=
104+6908h.82° =
10+68L062€2°~
10+01691922° -
10+61H92¢22° =
10476261812~
10415666212 =
10415256202 =
T04+€Lh86T702°~
T0+€€€G2961° -
T0+8L6S£061° =~
T04C6G0€HBT =
10+.6£609L1°~

h0=0M6G2HhG° -
h0=-9221T84hG" =
h0-T26LL5€6°~
€0-90L€9€€T =
£0-8€8T0GLT ~
€0-0908LL12°~
£0~GI198192°~
€0~-h6GLEL0E -
CO=CT6TICHGE =
€0-4821L2040° -
€0-20LLG26h" ~
€0-00626£05°~
CO-8NCBL9GG  ~
€0-612STT19° =~
£0=-69€H0L99° ~
€0-TIC9hheL -~
C0=-h02THhEBL" =
€0-S1B88CHB =
€0-21588506° -
€0=-L£26C696° -
20=8h6EHC0T =
20-42L800TT°=
20=71088911°-
20-21618¢eT "~
20~-1.8880€] "~
20-hy9608CT° -
Co0-TonEnGhl -~
20-0LL682G1° =
20-8€6.L009T°~
20=-CSCLTRIT * =
20=-9h0€L66LT "~
20-610.8¢8T°~
20-hG958T61° -
20-20£26661°~
20-08650802°~
20-2h962912° -
20-9910G6h2eC -
20=-19¢€8L2¢€2°~
20=%96801TH2"° -
20=-ch90h6h2 "~
20-9661LL62 =
20-£5G10992° -
20=gLLLehiC -
20-2L060282° =~
20-94.1€9062° =
20-8L10.862°~
20-9069990¢° -
20-6h60ShTIE =

S92 SI Sd31S NOIL1V¥93iINI

G0=29L6G8TT"

20-h6E£T060h°*~
00~-98.9.80h°*~
00-0681QC1I6° =
10492296121 °-
T049L6GS9T191 =«
10+8100G102° -
TO+LTIE€C0THC =
10+0¢26T082° -
T0+S6HT668TE =~
T049¢QETLGE =
10409661065 =
TO0+C9GERTICH
T0+£2C8T89H =
T0+€T6LL50G°~
TO+€66GGBES " -
T0+9229H2/G° -
T04G.22hG09° =~
T104918L€LC9° -~
104201592899 ° -
T10+8.120869°~
T0+.L8Hh8G92L "~
10+88269CGL "~
TO+TOH886LL =~
T0+2.L66hh08 e
10+588L9.28°~
T0+9L£9C6HE°* =
T0+6G5.6H0698° =
10410520696 ° =~
10494268006 ° -
T10+G£900026° =
TO+TCChhECE -
TO0+TH0COSHE =~
T0+hhGILhG6 " =
10480,09296"*~
T0+22L16696° -
T0+22T9hCL6 =
TO+hTg0hhi6° -
104960€CHhL6°~
T0+L.89022L6°=
T0+L4h10896°~
T0+L060L196° =
10+0836€£G66° -
T0+L6Hh6Ch6° =
1044000086~
T0+4198.ST6* -
10484060668 =
T0+€CTSE08E -

20+6LL562LS"

40 ¥38WNN viod
10-7126€202* - nO+1Z0TONWSS™
10-2126€202° ©04+0000045G"°
10-06cce202° ©0+00000265*
10-€H592T02° $©0+0000006G6"*
10-90986002° ©0+000008H5*
10-69968661° #040000094G°
10~hGS6hB6T* #0+00000hhg"
10-Ch28L96T° +©0+000002hG*
10-999GL461° ©040000004G*
10=-6hLThe6T" #04+000008€G*
10-2TH9L681° +©0+000009¢€s*
10-6.56198T1° ©0+66666£€S"°
10-187ISE6T* ©0+000002¢G*
T0-GSTT66LT® ©0+6666662S°
10-86h66GL 1" 20400000825 °
T0-G909LTLT° +0+40000092G"°
T0-64602.97° ©0+0000002G*
10-GE2hees9t: +©0400000225"*
10-0T6STLGT® ©0+0000002G*-
10-021991G61° +#040000081G°
10=-THh0SBSHT " ©0+00000915*
10-2062.6€T" +04+000004TG*
10-0000€€CT" 10+66666T16*
10~-€0295921° +©04+000000TG°
10=-09wES6TT* ©0+66666L06*
10-H0802211° +©0+0000090G°
10-09¢6GHh0T " ©04+0000060G°
20-£0586996° +0+0000020G*
20-1007¢s88" +©0+0000000G6°
20~-LEh00TOR" ©0+0000086%°
20=282LThiL" 40400000964
20=9L1¢64c9" ©0+00000064°
20=-9960hLEG" +0+00000264°
20=-0ELhl6Eh" ©040000006h°
20=-00860hhe " +©0+00000884°
20=-TLL299402° ©0+0000098%*
20-20GTSLnT" ©0+00000084H*
€O0-6mTT1G694° 4©0+0000028%°
€0=-21¢098HG "~ #0+00000084H°
20-09¢04L4G61° = ©0+000008L4°
20-0215€192° - h0+0000092h*
20-62H9G659¢ - ©0+00000h.4"°
20=-8¢C600.h° - ©0+000002. 4"
20-268L90LG" =~ ©04+000000L%°
20-£¢250649°~ ©04+00000894°
20-£99¢628L° - +©04+0000099%°
20-T5.Lh0988 "~ ©0+000006494°
20-69h60886° - $©04+00000294°

(*3u0D) HAOW d40d NI ¥IALSNTD dV¥VY HHIL 40

"SA SHATIVATYHA YIFHI ANV SHTONVY dd1INd

= 9Qay

L




. . . . .
. . L] . L] . .
. ] . . . . .
. L] . . . . .
. . . . . [ .
'ooaoooo-o-oo-oogna D N R A [eevecsca, e ®srecev, 004, .oo-.oooo'.-o.c-.-.ongoo- AR no.vOOO.W
. . . P .
. . . . .
. . . . .
. . . B
. . . .
. . . .
. . - .
. . . . . . .
. . . . . . . .
oo.o..oo-ouo-oo.-oooooaooooo MERA R R N N o-.-o-ooo-.o.oooo..-oo.a.o-.- €04000°H
» . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . 3 . . . .
. » . . . . .
. . . . » . .
. . . . . . .
. . . . . . .
A S M R R N Y A T TR ﬂO*OOO-ﬂ
. . . . .
. . - - .
. . . . .
. . . . .
. . . . .
. . . . .
. L] . . Ql .
. . . . .
. . . . .
PRI ncot--o.c-ou-n.o.c‘oc-.ouonuo-oo R A T .--o.oo-...o-c..vo-co-.oo- . ﬂO+QOO.N
. . . . .
. . . - .
. . . . .
. . . . .
. . . .
. . . .
. .

.
.
>

"4

e®pteseses LI A fetat eqn, et s0 4000, Cetesesstieninringa, €0+000°T
. . L] . - .
. - . . . .
. . . . . L)
. . . . .
L] L] L4 . .
. L » . .
. . . . .
. * . . .
. . .

oo--coo.-o-ooooccou.-o-...-co-on.ono..n ®tereeatitcnnnangn, 000°0
00+4000°® 00+000°*# h0-666°*1~ 00+4000°H=- 00+000°g=-
10+4000°¢ 00+000°9 00+4000°2 00+000°*2- 004000°9- 104000° 1=~

ooovc..oo.~a-.?-.coounco-.o.

(Se=21b2a) zqow dOd NI ¥3ISNTD d¥VY ¥O4 SETONVY ¥d1INg




BELLCOMM, INC.

Subject: Periodic Solutions of the Orbital

Assembly Equations of Motion -

Case 620

Distribution List

NASA Headgquarters

Messrs. H. Cohen/MLR
P. E. Culbertson/MLA
J. H. Disher/MLD

Acting Directoxr/MLO

L. K. Fero/MLV
J. P. Field, Jr./MLP
T. A. Keegan/MA-2
M. Savage/MLT
W. C. Schneider/ML

Bellcomm, Inc.

Messrs. A. P. Boysen, Jr.
D. A. Chisholm
D. R. Hagner
H. A. Helm
B. T. Howard
J. Z. Menard
I. M. Ross
J. W. Timko
R. L. Wagner

Department 2034 Supervision
Departments 1021, 1022, 1024, 1025
Department 1024 File

Central File

Library

MSC

Messrs.

MSFC

Messrs.

W.
o.
W.
F.
H.

W.
G.

D.
J.
H.

From: S. C. Chu

B.
K.
H.
c.
E.

B.

C.
N.
H.
E.

Evans/KM
Garriott/CR
Hamby /KM
Littleton/KM
Whitacre/KM

Chubb/R-ASTR-NGB
Hardy/I-S/AA
Rupp/R-ASTR-NGA
Schultz/R-ASTR-NGA
Sims/R-AERO-DDD
Worley/R-AERO-DDD



